Introduction {#sec1-1}
============

Brain cancer is a heterogonous group of brain neoplasia originating in intracranial tissue and meninges and display multiple levels of malignancy (Abdullah et al., 2014). Glial cancers, also known as glioma, are brain neoplasm derived from mutated glial cells accounting for around 50% of CNS tumors (Le et al., 2003; Abdullah et al., 2014). High morbidity and mortality is reported in more malignant forms such as high-grade glioblastoma multiforme (GBM) that might be able to invade throughout the CNS (Le et al., 2003). Despite standard therapy of glioblastoma, debulking of the tumor, chemotherapy and radiotherapy, the median survival is approximately 12--15 months for patients with glioblastomas and 2--5 years for patients with anaplastic gliomas (Stupp et al., 2005; Munson et al., 2013). Therefore, new treatment modalities are essentially needed in order to significantly improve the prognosis of patients with brain cancer.

Invasion is a process in which tumor cells migrate from the tumor mass and infiltrate into the adjacent normal brain tissue by degrading the extracellular matrix (ECM) using various matrix degrading enzymes such as matrix metalloproteinases (MMPs) (Brooks et al., 1996; Puli et al., 2006). MMPs have key roles in angiogenesis and tumor progression and a link between deregulated MMPs and invasiveness in human cancers has been documented (Le et al., 2003). High expression of MMP-2 or gelatinase-A is reported in different types of tumors such as glioma and invasiveness of glioma cell lines can be reduced by inhibiting metalloproteinases (Forsyth et al., 1999; Le et al., 2003)

Recently, there has been heightened interest into the alternative therapeutic approaches using anticancer agents. Previous reports have led to a great deal of attention into the anti-cancer effects of genistein as a soybean-derived isoflavone (Nakamura et al., 2009)through different mechanisms including inhibition of Topoisomerase II and protein tyrosine kinase activity, inhibition of angiogenesis, and prevention of cancer progression and invasion (Shao et al., 1998; Myoung et al., 2003). Another important characteristic of genistein. is its less toxicity and side effects even at high concentrations compared to the other anti-cancer agents (Myoung et al., 2003).

Genistein enhanced growth inhibition and apoptosis of nonsmall cell lung cancer (NSCLC) cell lines when combined with the EGFR-tyrosine kinase inhibitors (TKIs) (Gadgeel et al., 2009). In PC3 prostate cancer cells treated with genistein, the expression of angiogenesis and tumor invasion related genes such as neuropilin, MMP-9, VEGF and TGF-β2 showed the greatest down regulation (Li and Sarkar, 2002). Controversially, this isoflavone up regulates epidermal growth factor (EGF) receptor signaling and contributes to tumor development in advanced prostate cancer (Nakamura et al., 2011). The motivation behind this study was to assess the effect of genistein on survival of brain tumor derived cells. This study further indicates the angiogenesis target of genistein focusing on the expression of MMP-2 and VEGF in low grade versus high grade gliomas.

Materials and Methods {#sec1-2}
=====================

Isolation and culture of mesenchymal stem cell like cells {#sec2-1}
---------------------------------------------------------

Brain tumor tissues were transferred to Stem Cell Laboratory, Shiraz Institute for Cancer Research in sterile condition. As explained before (Razmkhah et al., 2013)tissues were washed with phosphate buffered saline (PBS), chopped and digested by 0.2% collagenase type I at 37ºC for getting single cells. Afterward, the resulted soup was transferred on Ficoll-Paque (Biosera, UK) and subsequently the cell ring was cultured in DMEM medium (Gibco, USA) containing 10% fetal bovine serum (Invitrogen, Merelbeke, Belgium) and 1% penicillin streptomycin (Invitrogen, Merelbeke, Belgium). After 72 hours unattached cells were removed and cells were harvested in the third passage.

Flow cytometric characterization of the cells {#sec2-2}
---------------------------------------------

Isolated cells were harvested using dissociation solution (Sigma, USA), washed twice with PBS and then stained with fluorescein isothiocyanate (FITC)-conjugated mouse anti-human CD45, CD34 and CD14 (BD Biosciences, USA) and phycoerythrin (PE)-conjugated mouse anti-human CD44 and CD166 (BD Biosciences, USA) and APC-conjugated mouse anti-human CD73. Isotype-matched irrelevant monoclonal antibodies (BD-Pharmingen, USA) were used as negative controls. After 30 minutes incubation at room temperature and washing with PBS, approximately 10,000 events were collected on a FACS Calibur machine (BD Biosciences, USA) using the Cell quest as data acquisition software and analyzed using FlowJo7.6 software for the graphical presentation of data.

MTT assay {#sec2-3}
---------

In passage 3, cells were seated in 96 well plates and treated with variety concentrations of genestein (Sigma, UK) (0, 0.01, 0.004, 0.002 and 0.001M) and incubated for 24, 48 and 72 hours. After incubation times 5mg/ml MTT (Dimethylthiazolyldiphenyltetrazolium Bromide) was added to the cells and incubated for 4-5 hours at 37ºC in humidified CO2 incubator. Afterwards, MTT liquid was completely removed and kept up in the dark place and then DMSO (Merck, Germany) was added to each well, incubated for 24 hours and the absorbance of the plate was read at 495 nm.

RNA extraction and cDNA synthesis {#sec2-4}
---------------------------------

Whole RNA was extracted from treated and untreated cells by using TRizol reagent (Invitrogen, Germany) and phenol chloroform (Merck, Germany) method. cDNA was synthesized from the extracted RNAs using the cDNA synthesis kit according to the manufacturer's instructions (Fermentas, Lithuania).

Quantitative Real-Time PCR (qRT-PCR) {#sec2-5}
------------------------------------

The amounts of MMP-2, VEGF and 18srRNA (housekeeping gene) were evaluated by an ABI thermal cycler (ABI, USA) using qRT-PCR. Each PCR reaction was carried out in a final volume of 20 μl containing 2μl cDNA, 10μl of 2X SYBR Green Master Mix (Fermentas, Canada), 0.3 μl of each 10 pmol forward and reverse primers and 7.4 μl DEPC treated water. Thermal cycling for all the genes was initiated with a denaturation step at 95°C for 10 min, followed by 50 cycles with the subsequent program for each cycle: 95 °C for 20 s, 56°C for 20 s and 60 °C for 1 minute.

Statistical analysis {#sec2-6}
--------------------

The relative amounts of MMP-2 transcripts were determined using 2−ΔΔCt formula and were compared between different groups using nonparametric Wilcoxon signed-rank test by SPSS software version 15. Relative expression was plotted and evaluated by means of GraphPad Prism 5 software (Inc; San Diego CA, USA, 2003). P value\<0.05 was regarded as significant in all statistical analyses.

Results {#sec1-3}
=======

Morphological and flow cytometric characterization of cultured tumor cells {#sec2-7}
--------------------------------------------------------------------------

Brain tumor derived cells were emerged with plastic adherent properties in culture with mesenchymal like appearance ([Figure 1](#F1){ref-type="fig"}) and good expansion ability up to 11 passages.

![Cells Appeared with Spindle Shape in Culture. A. Low Grade Glioma Derived Cells. B. High Grade Glioma Derived Cells](APJCP-17-5303-g001){#F1}

Besides, the isolated cells expressed mesenchymal specific surface markers such as CD44, CD73, CD166 while they had no expression of CD34, CD45, and CD14 markers. [Figure 2](#F2 F3 F4){ref-type="fig"} demonstrates typical staining profile of the cells.

![The Schematic Representation of One of Brain Tumor Derived Cells for the Expression of CD44, CD166, CD73, CD14, CD34 and CD45 by Flow Cytomety.](APJCP-17-5303-g002){#F2}

![Gene Expression of MMP-2 in Low and High Grade Glioma Cells before and after Treatment with Genistein. Data is Presented as the Median of 2^-ΔΔCt^](APJCP-17-5303-g003){#F3}

![VEGF mRNA Expression in Untreated and Genistein Treated Low and High Grade Glioma Cells. Data is Presented as the Median of 2^-ΔΔCt^](APJCP-17-5303-g004){#F4}

Survival of the cells before and after treating with genistein using MTT assay {#sec2-8}
------------------------------------------------------------------------------

To show the survival of the cells in vitro, MTT assay was performed on these cells before and after treating with genistein. As a result, high grade and low grade gliomas showed approximately 2-fold decrease in viability after treating with genistein (P value\< 0.05).

Expression of MMP-2 gene transcript in Low versus high grade glioma derived cells post treatment with genistein {#sec2-9}
---------------------------------------------------------------------------------------------------------------

mRNA expression of MMP-2 in low grade glioma was approximately 12.6-fold higher than its expression in high grade glioma but this difference was not statistically significant (P value\> 0.05).

After treatment with genistein, expression of MMP-2 reduced in both high and low grade derived cells. It showed 580-fold significant lower expression in low grade glioma post treatment with genistein compared to untreated cells (P value= 0.05). In genistein-treated high grade derived cells expression of MMP-2 was 2-fold lower than its expression in untreated cells (P value\> 0.05).

Expression of VEGF gene transcript in low versus high grade glioma derived cells treated with genistein {#sec2-10}
-------------------------------------------------------------------------------------------------------

VEGF mRNA showed 8.6-fold non-significant higher expression in high grade glioma compared to low grade patients.

Treatment the cells with genistein caused no reduction in VEGF in low grade glioma cells but led to a 4.7-fold non-significant reduction in VEGF transcript in high grade glioma cells (P value\> 0.05).

Discussion {#sec1-4}
==========

Brain tumor is still a fatal disease with significant impact on quality of life (Plaisier et al., 2016). Even after receiving numerous treatments such as chemotherapy, radiotherapy and surgery, recurrence of this cancer is almost inevitable (Maule et al., 2016). Although great advances have been made in brain surgical treatment, it is still unable to totally cure malignant tumors because complete removal of tumor cells is somewhat impossible (Weinstein, 2002). In recent years, several genetic and molecular methods have been introduced to provide effective medical treatments in order to cure such malignant tumors. Recent molecular studies have been successful in finding the most important alterations in intra and extracellular molecules. Over expression or under expression of special genes may lead to deregulation of apoptosis, angiogenesis, and proliferation and increase in invasive features of tumoral cells. Angiogenic factors such as MMPs and VEGF seem to be the most important mediators enhancing extracellular matrix dissociation, angiogenesis and invasion of malignant cells (Weber et al., 2011; Gomes et al., 2013). Recent studies have succeeded to show that MMP-2 and MMP-9 play great roles in tumor cell invasion and adhesion which may be inhibited by tissue inhibitor of MMP (TIMP) (Bourboulia and Stetler-Stevenson, 2010). Genistein as a member of isoflavonoids has been reported with antineoplastic characteristic through inhibiting tyrosine kinase and MMP-13 activity in tumoral cells thus tapering malignant behavior of tumor cells (Spagnuolo et al., 2015). There is a wealth of evidence for the effect of genistein on inducing the apoptosis of pancreatic tumor cells and regulating molecules involved in cell cycle, invasion and metastasis (Han et al., 2012).

Here we isolated mesenchymal stem cell like cells from patients with high grade and low grade gliomas and, for the first time, compared the effect of genistein on the survival of these cells, separately. Expression of two important angiogenic mediators, MMP-2 and VEGF, were then assessed in these cells.

Based on the results both low grade and high grade glioma cells were found as spindle shaped mesenchymal stem cell like cells while exhibiting mesenchymal specific markers; both cells were negative for CD14, CD34 and CD45 and more than 90% of the brain derived cells were positive for the expression of CD44, CD73, CD166. These results are in line with our previous report showing the mesenchymal specific characteristics of brain derived cells with great attitude for growing in high passages (Razmkhah et al., 2013). It has been demonstrated that the activity and phenotype characteristics of human GBM cell line, U87MG, is resemblance to mesenchymal stem cells since it expresses MSC specific markers, has differentiation capability and shows immunomodulatory features (Nakahata et al., 2010). Similarly, in a study by Brewer (2007), cells from glioblastoma were cultured and appeared with mesenchymal morphology (Brewer and LeRoux, 2007).

Furthermore, we detected MMP-2 and VEGF mRNA in brain derived cells. mRNA expression of MMP-2 was higher in low vs. high grade glioma cells. In contrast, VEGF mRNA showed higher expression in high grade glioma cells. The differential expression of these two important angiogenic factors may be crucial for deciding on unique treatment challenges for low grade and high grade glioma tumors especially that other key mediators such as RANTES, CCR5 and MCP-1 showed no significant difference between low and high grade glioma cells (Razmkhah et al., 2013).

Additionally, genistein decreased the viability of our high grade and low grade glioma cells. The molecular targets of genistein was reported in various types of tumors including breast, prostate, colon, liver, ovarian, bladder, gastric, brain cancers, neuroblastoma and chronic lymphocytic leukemia (Russo et al., 2016). Khaw (2012) determined the increased expression of p21 and decreased expression of cyclin B1and CDK1 resulting in cell cycle arrest in radio sensitive brain tumor cell lines after treating with genistein.

Exposure of the expanded cells to genistein caused reduction in MMP-2 mRNA in both low and high grade derived cells which was significant in the former. Also a non-significant decrease was found in VEGF but only in high grade glioma cells. Consequently, angiogenic factors seem to be the targets of genistein especially in low grade glioma.

Yu and coworkers (2012) imputed an anti-angiogenic effect to genistein as treatment of human umbilical vein endothelial cells (HUVECs)caused endothelial apoptosis by inhibiting MMPs and down regulating VEGF mediated activation of JNK and p38. In another study angiogenesis inhibitors such as endostatin and angiostatin has been introduced as molecular targets for genistein (Su et al., 2005). Remarkably, soy food consumption has been proved to be notably associated with decreased risk of death and recurrence in women with breast cancer (Shu et al., 2009).

Collectively, our findings suggested that genistein is not different in its impact on the survival of low compared to high grade glioma cells. This isoflavone is capable to target angiogenic pathways more significantly in low grade glioma patients, which thereby may represent a mechanism that further clarify the anti-angiogenesis and anti-cancer effect of genistein in this group of patients.

The authors would like to thank patients and all participants for their kind contribution in this project. This work was supported by grants from Shiraz University of Medical Sciences \[Grant No. 92-01-01-6075\] and Shiraz Institute for Cancer Research \[ICR-100-504\]. This research was done as a requirement for the Medical thesis defended by Dr. Yasaman Yazdani.

Conflict of interest {#sec2-11}
====================

The authors confirm that there is no conflict of interest

[^1]: *Yasaman Yazdani and Mohammad Reza Sharifi Rad have equal contribution in this study*.
